Effect of thermal aging on microleakage of current flowable composite resins  by Gönülol, Nihan et al.
Journal of Dental Sciences (2015) 10, 376e382Available online at www.sciencedirect.com
ScienceDirect
journal homepage: www.e- jds.comORIGINAL ARTICLEEffect of thermal aging on microleakage
of current flowable composite resins
Nihan Go¨nu¨lol a*, Ertan Ertas‚
a, Aycan Yılmaz a, Soner C¸ankaya ba Department of Restorative Dentistry, Faculty of Dentistry, Ondokuz Mayıs University, Samsun, Turkey
b Department of Biostatistics, Faculty of Medicine, Ordu University, Ordu, TurkeyReceived 12 February 2014; Final revision received 8 March 2014









1991-7902/Copyrightª 2014, AssociatioAbstract Background/purpose: To evaluate the microleakage of Class V cavities restored
with a new self-adhering resin composite after thermal cycling.
Materials and methods: Standardized box-shaped Class V cavities were prepared on the buccal
and lingual sides of 75 intact human molars (n Z 150). The teeth were randomly divided into
five groups of 30 cavities each and restored as follows: GroupVF: Vertise Flow (Kerr Corpora-
tion, Orange, CA, USA); Group OVF: OptiBond (Kerr) þ Vertise Flow; Group SM: Clearfil SE Bond
(Kuraray Medical Inc., Okayama, Japan) þ Majesty Flow (Kuraray Medical Inc.); Group TM:
Clearfil Tri-S Bond (Kuraray Medical Inc.) þ Majesty Flow (Kuraray Medical Inc.); and Group
UOA: Uni-etch acid (Bisco Inc., Schaumburg, IL, USA) þ One-Step Bond (Bisco
Inc.) þ Aeliteflo (Bisco Inc.). The restorations were finished with aluminum oxide discs (Sof-
Lex, 3M ESPE). The restorations were divided into three subgroups (n Z 10) and subjected
to 1000, 5000, and 15,000 thermal cycles. The teeth were immersed in 0.5% basic fuchsin so-
lution for 24 hours. The dye penetration was examined under a stereomicroscope and scored.
The results were statistically analyzed by Kruskal-Wallis, Mann-Whitney U, and Wilcoxon tests.
Results: The Mann-Whitney U test revealed that for cementum leakage scores of 1000 cycled
groups, Groups VF, UOA, and OVF showed higher microleakage than Groups TM and SM and the
difference was statistically significant (P < 0.05). When the composite groups were compared
for 5000 and 15,000 thermal cycles, no significant differences were detected for both enamel
and cementum microleakage scores (P > 0.05).
Conclusion: The sealing ability of the new self-adhering flowable composite is detected as
similar to the traditional flowables when subjected to long term thermal aging.
Copyright ª 2014, Association for Dental Sciences of the Republic of China. Published by Else-
vier Taiwan LLC. All rights reserved.of Restorative Dentistry, Faculty of Dentistry, Ondokuz Mayıs University, Dentistry, 55139 Samsun,
u.edu.tr (N. Go¨nu¨lol).
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Dentin adhesives and resin-based composites have been
widely used because of the increasing demand for esthetic
restorations in daily clinical dentistry.1 However, one of
the greatest challenges in restorative dentistry is obtain-
ing an effective seal at the tooth/restoration interface.2
Recently, dentin adhesives have been developed to
simplify the three clinical steps: etching, priming, and
bonding.3 All-in-one self-etch adhesives have especially
gained great popularity among dentists, due to their
simple application which combines these three steps in
just one solution.4 They also reduce the contamination
risk and limit over-drying and over-wetting mistakes.5
However, postoperative sensitivity is decreased due to
simultaneous substrate demineralization and resin
infiltration.6,7
Flowable composites were introduced in the mid-1990s
and became widely used for a broad range of restorative
applications.8 They have a filler size similar to hybrid
composites, but lower filler content, and therefore
reduced viscosities and elastic moduli.9 Flowable compos-
ites have been recommended for use as a lining in Class I
and Class II hybrid resin composite restorations and for use
as a restorative material in small Class V cavities.10
Recently, new self-adhering flowable resins have been
developed and the first product of this new generation isTable 1 Manufacturers and compositions of the materials used
Material LOT no/shade Composition
Vertise Flow 2894473/A2 GPDM, HEMA, methacryla
prepolymerized filler, bar
nanosized colloidal silica
ytterbium fluoride 70% (w
Clearfil
Majesty Flow
00320A/A2 Silanated barium glass fil
colloidal silica, TEGDMA,
aromatic dimethacrylate,
81% (w) filler load





454550 GPDM, co-monomers incl
di-functional methacrylat
acetone, and ethanol, ca
photoinitiator system, th
sodium hexafluorosilicate
Clearfil SE Bond 041819 Primer: MDP, HEMA, hydr
dimethacrylate, di-camph
N,N-diethanol p-toluidine
Bond: MDP, bis-GMA, HEM
dimethacrylate, di-camph
N,N-diethanol p-toluidine
Clearfil Tri-S Bond 041209 MDP, bis-GMA, HEMA, hyd
di-camphorquinone, ethy
colloidal silica
One-Step Bond 1100012254 Biphenyl dimethacrylate,
methacrylate, acetone
Uni-etch acid 1100012116 Phosphoric acid (32%), be
GPDM Z glycerophosphate dimethacrylate; HEMA Z hydoxyeth
Bis-GMA Z bisphenol A glycidyl methacrylate; MDP Z 10-methacryloVertise Flow (Kerr Corporation, Orange, CA, USA). It has
been introduced as a composite resin that includes adhe-
sive resin incorporated into the flowable composite resin,
thus eliminating the need for a separate adhesive appli-
cation.11 Incorporation of the bonding agent into a flowable
composite holds great potential with respect to saving
chair time and minimizing handling errors.12 However,
limited information is currently available in the literature
for these composites.
Laboratory simulations of clinical service are often
performed because clinical trials are costly and time-
consuming.13 Thermocycling has been used in in vitro
studies to simulate changing intraoral temperature condi-
tions and therefore recreate the aging effects that restor-
ative materials are subjected to in the mouth.1 The
microleakage test is a frequently used laboratory mea-
surement and provides an assessment of the sealing ability
of adhesive materials.14 To our knowledge, although there
have been some studies which have investigated the
microleakage of new self-adhering composites11,12,14, there
is no study about the effect of long-term thermal aging on
the sealing ability of these composites.
The tested null hypotheses of this study were: (1) self-
adhering composites exhibit similar microleakage as
compared with conventional flowable composites; and (2)
long-term thermocycling procedures would not compromise



































hydroxyethyl Bisco Inc, Schaumburg, IL, USA
nzalkonium chloride Bisco Inc, Schaumburg, IL, USA
ylmethacrylate; TEGDMA Z triethyleneglycol-dimethacrylate;
yloxi decyl-dihydrogen phosphate.
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Specimen preparation
Seventy-five extracted, caries free, intact human third mo-
lars were used in this study. Informed consent was obtained
fromall patients. The teethwere stored for<4weeks in 0.5%
chloramine T solution at 4C. The teeth were cleaned using
scalers and rotating brushes to completely remove soft tissue
remnants and calculus. Standardized Class V (3 mm mesio-
distal direction  2 mm depth  3 mm height) cavities were
prepared on both buccal and lingual surfaces by using cylin-
drical diamond burs in an air/water-cooled high-speed tur-
bine (n Z 150). The occlusal margins were located 2 mm
coronal to the cemento-enamel junction (CEJ) and the
gingival margins located 1 mm apical to the CEJ. Cavity di-
mensions were standardized with a digital caliper (Newman
Tools Inc., Ottawa, Canada) and the depth of the cavity was
measured and controlled by a pre-marked periodontal
probe. The same operator prepared all the specimens.Restorative procedures
After preparation, the teeth were randomly divided into
five groups of 15 teeth each as follows: Group VF: Vertise
Flow; Group OVF: OptiBond (Kerr) þ Vertise Flow; Group
SM: Clearfil SE Bond (Kuraray Medical Inc., Okayama,
Japan) þ Majesty Flow (Kuraray Medical Inc.); Group TM:
Clearfil Tri-S Bond (Kuraray Medical Inc.) þ Majesty Flow;
and Group UOA: Uni-etch acid (Bisco Inc., Schaumburg, IL,
USA) þ One-Step Bond (Bisco Inc.) þ Aeliteflo (Bisco Inc.).Table 2 Application modes and descriptions of the materials.
Materials Description
Vertise Flow Self-adhering flowable composite
Clearfil Majesty Flow Light-cured microhybrid flowable
composite
Aeliteflo Light-cured microhybrid flowable
composite
OptiBond All-In-One Single-component, light-cure,
self-etch adhesive
Clearfil SE Bond Two components, light-cure,
resin-based, self-etch adhesive sys
Clearfil Tri-S Bond Single-component, light-cure,
self-etch adhesive
One-Step Bond Single component, light-cured,
unfilled universal adhesive
Uni-etch acid 32% H3PO4The manufacturers and compositions of the materials uti-
lized in this study are listed in Table 1.
All of the materials were applied according to the
manufacturer’s instructions (Table 2). After adhesive sys-
tem applications, the restorations of the cavities were
restored with their own manufacturer’s flowable composite
resins. The composite resins were applied in two layers and
each layer was cured with a halogen light-curing unit (Blue
Luxcer M-835, Monitex, New Taipei City, Taiwan) with a
minimum intensity of 800 mW/cm2 for 40 seconds. The
lamp output of the light was checked periodically using a
curing radiometer (Hilux, Benlioglu Dental, Ankara,
Turkey). After light curing, all of the restorations were
polished with a series of Sof-Lex aluminum oxide discs (3M
ESPE, St. Paul, MN, USA) for 15 seconds for each disc
(coarse, medium, fine, and superfine). All of the test
specimens were prepared at 23  2C and stored in water
at 37  2C for 24 hours prior to testing.
Thermocycling test
All of the groups were then divided into three subgroups
according to their thermocycling period as follows: 1000
cycles, 5000 cycles, and 15,000 cycles. The specimens were
thermocycled using an electronic thermocycling machine
(DTS B1, Dentester, Salubris Technica, Istanbul, Turkey) in
water baths at 5C and 55C with a dwell time of 60 seconds
in each bath.
Following thermocycling, the root apices were sealed
with stickywax to avoid dye penetration from the root canal.
Also, the surface of each specimen was coated with two
layers of nail varnish up to 1 mm of the restoration margins.Mode of application
Dry cavity, brush a thin layer of Vertise Flow
onto entire cavity wall for 15e20 s. Light cure
for 20 s. Build additional layers with Vertise
Flow in increments of 2 mm or less. Light cure
each increment for 20 s
Place the composite to the cavity max 1.5 mm
depth and light cure for 20 s
Place 1-2 mm increments of composite into the
cavity and light cure for 20 s
Apply first application for 20 s and second
application for 20 s again. Air dry for 5 s. Light
cure for 10 s
tem
Apply primer to the entire cavity wall, leave it
20 s, dry with air. Apply bond, dry with gentle
air, light cure for 10 s.
Apply bond to the cavity walls and leave it in
place for 20 s, blow high-pressure air for 5 s,
light-cure for 10 s.
Etch enamel and dentin using an etchant. Rinse
and gently air. Apply two coats; agitate slightly
for 10-15 s, air dry, light cure for 10 s.
Allow etchant to remain in place for 15 s. Rinse
thoroughly (at least 5 s) to completely remove
all traces of etchant
Table 3 The scoring system of the dye penetrations.
0 No penetration of the dye solution
1 Infiltration up to the enamel-dentin junction in
the occlusal wall or penetration up to 1/4 of the
length of the gingival wall
2 Penetration of the dye up to 1/2 of the length of the
cavity wall
3 Penetration of the dye extending for the total depth
of the cavity wall
Table 5 Microleakage scores after 5000 thermal cycles.




0 1 2 3 0 1 2 3
Group TM 2 0 1 7 1 0 1 8
Group SM 2 1 4 3 2 0 1 7
Group UOA 5 1 1 3 0 2 2 6
Group VF 0 3 2 5 0 1 1 8
Group OVF 0 1 3 6 2 0 1 7
Effect of thermal aging on microleakage 379The specimens were immersed in 0.5% aqueous basic fuch-
sine dye solution for 24 hours at room temperature.
Following removal of the solution, the teeth were rinsed
under running tap water for 30 seconds and dried. Theywere
sectioned buccolingually at the middle of the restorations
with a water-cooled diamond saw (Isomet 1000, Buehler,
Lake Bluff, IL, USA). Thus, two sections were obtained for
each restoration. The sections were assessed for dye pene-
tration with a stereomicroscope (Nikon SMZ 1500, Tokyo,
Japan) at 40 magnification. The measurements were per-
formed by two operators who were blind to the specimen
preparation and the mean score was recorded. Dye pene-
tration at the composite/tooth interfacewas scored for both
the occlusal (enamel) and cervical (cementum) margins on a
nonparametric scale from 0 to 3 (Table 3).15
Statistical analyses
The Kruskal-Wallis test, a nonparametric test, was per-
formed to test whether there were any differences among
the composite groups (TM, VF, UOA, SM, and OVF) and the
different thermal cyclings (1000 cycles, 5000 cycles, and
15,000 cycles). Then, the Mann-Whitney U test was applied
to determine any further differences among the groups.
Also, the Wilcoxon test was used for the comparison of the
microleakage scores of the enamel and cementum margins
of the groups. Significance was evaluated at P < 0.05 for all
tests. All of the computational work was performed by
means of SPSS for Windows statistical software (version
12.0.1; SPSS Inc, Chicago, IL, USA).
Results
The microleakage scores after 1000 thermocycles, 5000
thermocycles, and 15,000 thermocycles are given in Tables
4e6.Table 4 Microleakage scores after 1000 thermal cycles.




0 1 2 3 0 1 2 3
Group TM 4 4 2 0 6 1 2 1
Group SM 3 5 1 1 7 1 2 0
Group UOA 7 1 1 1 2 1 0 7
Group VF 5 1 3 1 2 1 1 6
Group OVF 1 4 1 4 0 1 3 6According to the Kruskal-Wallis test, when the compos-
ite groups were compared in terms of microleakage scores
(Table 7), for 1000 thermocycles, although there was no
significant difference in enamel leakage scores (PZ 0.119),
the difference was significant in cementum margin scores
(PZ 0.001). The Mann-Whitney U test revealed that for the
cementum leakage scores of the 1000 cycles groups, Group
VF, Group UOA, and Group OVF showed higher microleakage
than Group TM and Group SM, and the difference was sta-
tistically significant (P < 0.05). When the composite groups
were compared for 5000 thermocycles and 15,000 ther-
mocycles, no significant differences were detected for
either enamel or cementum microleakage scores
(P > 0.05).
When composite groups were compared to themselves
for each thermocycling procedure (Table 8), in Group TM,
the microleakage scores were higher in the 5000 cycles
group and 15,000 cycles group than in the 1000 cycles
group for both enamel and cementum margins, and the
difference was significant (P < 0.05). There was no signif-
icant difference between the 5000 cycles group and 15,000
cycles group (P > 0.05). In Group VF, there was a significant
difference only in enamel margin scores for all thermocy-
cling groups. The enamel leakage scores were significantly
higher in the 5000 cycles group and 15,000 cycles group
than in the 1000 cycles group (P < 0.05). Also, there was no
significant difference between the 5000 cycles group and
15,000 cycles group (P > 0.05). In Group UOA, the differ-
ence was significant only in enamel margins for all cycles,
and there was no significant difference between the 1000
cycles group and 5000 cycles group (P Z 0.393). However,
there was a significant difference between these groups
and the 15,000 cycles group (P < 0.05). In Group SM, thereTable 6 Microleakage scores after 15,000 thermal cycles.




0 1 2 3 0 1 2 3
Group TM 0 1 3 6 0 0 2 8
Group SM 0 3 2 5 2 0 0 8
Group UOA 0 2 2 6 0 0 1 9
Group VF 0 0 2 8 0 0 1 9
Group OVF 0 3 1 6 0 0 3 7
Table 7 Kruskal-Wallis test results of the comparison of the composite groups.
Thermal cycling Composite groups n Mean rank Median Chi-square Asymp sig
Enamel margins 1000 cycles TM 10 23.30 1 7.346 0.119
SM 10 25.80 1
UOA 10 18.80 0
VF 10 24.60 0.5
OVF 10 35.00 1.5
5000 cycles TM 10 30.05 3 6.837 0.145
SM 10 22.20 2
UOA 10 17.40 0.5
VF 10 27. 20 2.5
OVF 10 30.65 3
15,000 cycles TM 10 25.85 3 2.831 0.587
SM 10 21.90 2.5
UOA 10 24.90 3
VF 10 30.90 3
OVF 10 23.95 3
Cementum margins 1000 cycles TM 10 16.75 0 19.337 0.001
SM 10 13.60 0
UOA 10 32.15 3
VF 10 30.75 3
OVF 10 34.25 3
5000 cycles TM 10 27.45 3 1.253 0.869
SM 10 24.50 3
UOA 10 23.20 3
VF 10 27.85 3
OVF 10 24.50 3
15,000 cycles TM 10 25.20 3 1.861 0.761
SM 10 24.30 3
UOA 10 27.60 3
VF 10 27.60 3
OVF 10 22.80 3
380 N. Go¨nu¨lol et alwas a significant difference among thermocycling groups
for both enamel and cementum leakage scores. Between
the 1000 cycles group and 5000 cycles group, the difference
was significant only in cementum leakage scores, and it was
higher in the 5000 cycles group. The highest score was
detected in the 15,000 cycles group, and the difference
was not significant between the 5000 cycles group and
15,000 cycles group for both enamel and cementum mar-
gins. In Group OVF, there were no significant differences
among the thermocycled groups for either enamel or
cementum margins.
The Wilcoxon tests revealed that in the 1000 cycles
groups, significant differences were found in Group VF,
Group UOA, Group SM, and Group OVF between enamel and
cementum leakage scores. However no significant differ-
ence was found between enamel and cementum leakage
scores in Group TM. In the 5000 cycles groups, there were
significant differences between the enamel and cementum
leakage scores of Group UOA and Group SM. However, in the
15,000 cycles groups, there were no significant differences
among all tested composite groups (P > 0.05).
Discussion
The tested null hypotheses of this study were partly
rejected, since long-term thermocycling proceduresadversely affected the sealing ability of the tested com-
posites. However, self-adhering composites exhibited
similar microleakage as compared with conventional flow-
able composites.
In the field of laboratory research, thermal cycling is one
themostwidely used procedures that is alsowidely accepted
in international literature.16 Also, the microleakage test
combined with thermocycling is a useful in vitro method to
assess the sealing performance of dental restorations.17 The
in vitro use of a large number of thermocycles can simulate
the conditions of the oral environment, because repetitive
contraction-expansion stresses are generated at the resin-
tooth interface because the contraction-expansion coeffi-
cient of the restorative material is greater than that of the
tooth.17,18 According to ISO standards, 500 thermocycles in
water temperatures between 5C and 55C is considered to
be an appropriate test for aging dentalmaterials.19 However,
Gale and Darvell13 reported that leakage increases with
thermal stresses and that 10,000 thermocycles corresponds
to approximately 1 year of in vivo functioning. In this study,
the specimens were subjected to 1000 thermocycles, 5000
thermocycles, and 15,000 thermocycles to assess the sealing
performance of the restorations in order to simulate short-
and long-term durations.
Simplification of the application of dental materials is
desirable to limit handling errors and chair-time.14 Recently,
Table 8 Kruskal-Wallis test results of the comparison of the thermal cycling.
Composite groups Thermal cycling n Mean rank Median Chi-square test Asymp sig
Enamel margins TM 1000 10 7.90 1 12.471 0.002
5000 10 18.95 3
15,000 10 19.65 3
SM 1000 10 10.30 1 6.254 0.044
5000 10 16.60 2
15,000 10 19.60 2.5
UOA 1000 10 10.40 0 9.896 0.007
5000 10 14.20 0.5
15,000 10 21.90 3
VF 1000 10 8.50 0.5 12.471 0.002
5000 10 16.60 2.5
15,000 10 21.40 3
OVF 1000 10 12.50 1.5 2.242 0.292
5000 10 17.65 3
15,000 10 16.35 3
Cementum margins TM 1000 10 7.60 0 15.109 0.001
5000 10 19.10 3
15,000 10 19.80 3
SM 1000 10 8.20 0 12.557 0.002
5000 10 18.70 3
15,000 10 19.60 3
UOA 1000 10 14.35 3 2.445 0.294
5000 10 13.90 3
15,000 10 18.25 3
VF 1000 10 12.65 3 3.149 0.207
5000 10 16.15 3
15,000 10 17.70 3
OVF 1000 10 14.70 3 0.326 0.864
5000 10 15.35 3
15,000 10 16.45 3
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which bond to tooth structures without the need for an
adhesive system application due to their acidic monomer
composition.20 In this study, Vertise Flow, which is the first
product of those composites, was tested and compared with
other traditional flowables. Vertise Flow has a glycer-
ophosphate dimethacrylate (GPDM) adhesive monomer that
acts like a coupling agent. It has an acidic phosphate group
for etching the tooth structure and also for chemically
bonding to the calcium ions within the tooth structure.21
In this study, a 7th generation self-etch adhesive e
OptiBond All-in-One e which also contains a GPDM mono-
mer, was co-used with Vertise Flow as another experi-
mental group. It was recommended that using an adhesive
resin with Vertise Flow would enhance the bond strengths
to both enamel and dentin.11 According to the findings of
this study, after all thermocycling procedures, no signifi-
cant difference was detected between Group VF and Group
OVF either in enamel or cementum margins. It can there-
fore be concluded that using an additional adhesive system
with Vertise Flow is not necessary. In contrast with our
findings, Bektas‚ et al
11 reported that application of a self-
adhering flowable composite resin with an adhesive sys-
tem significantly increased dentin bond strength and
reduced microleakage scores. Conversely, Rengo et al14
stated that when Vertis Flow was used without anypretreatment according to the manufacturer’s instructions,
the quality of the seal was satisfactory.
However, when the groups were subjected to 1000
thermocycling, Group SM and Group TM exhibited lower
microleakage scores in cementum than the other groups.
Both of these two-step and one-step self-etch systems
contain a functional monomer 10-methacryloyloxi decyl-
dihydrogen phosphate (MDP) which also binds to calcium.17
It was reported that MDP tightly adheres to hydroxyapatite
and its calcium salt barely dissolves in water.22 Also the
presence of colloidal silica nanofillers increases crosslinking
and strength of resin matrix and decreases its polymeriza-
tion shrinkage, which might be contributing factors to
reducing microleakage.2
Also, Clearfil Majesty Flow composite, which was used in
Group TM and Group SM has higher filler loading (81% w) than
Aeliteflo (72% w) and Vertis Flow (70% w), which were
applied with Group UOA and Group OVF, respectively. It is
known that high filler loading in composite resin reduces
volumetric shrinkage and therefore limits corresponding
stresses, which may cause mechanical failure at the com-
posite/tooth interface, de-bonding, microleakage, and
secondary caries.23 Therefore, the lower microleakage
scores of Group SM and Group TM can be attributed to the
high bonding performance of MDP monomer of these adhe-
sives, or to the high filler loading of the flowable composite.
382 N. Go¨nu¨lol et alIn this study, all tested groups were adversely affected
from an increasing number of thermocycles. Among these
groups, no significant differences were detected between
the 5000 cycles group and 15,000 cycles group, but the
difference was significant between these groups and the
1000 cycles group with the exception of Group UOA. In
Group UOA, there was no significant difference in micro-
leakage of enamel between the 1000 cycles group and 5000
cycles group. It can therefore be concluded that acid-
etching provided longer bonding resistance in enamel.
When long-term thermocycling data were considered, no
significant difference was detected in microleakage scores
between groups. However, Vichi et al12 reported that
although bond strength values of Vertis Flow were the
lowest measured, the microleakage evaluation was the
lowest among the tested materials. This was attributed to
the high hygroscopic expansion of the hydrophilic acidic
phosphate group and the short spacer group in the adhesive
monomer GPDM. They concluded that hygroscopic expan-
sion and relatively low polymerization shrinkage might be
the reason for this high sealing performance. Accordingly,
these findings should be supported by long-term clinical
studies for assessing the performance of these new self-
adhering composites.
The sealing ability of the new self-adhering flowable
composite is similar to the traditional flowable composites
when subjected to long-term thermal aging.
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